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(54) Polarization independent waveguide type optical circuit 



(57) A no polarization dependent waveguide type 
optical circuit can resolve polarization dependency com- 
pletely and can reduce reflected return light. An Inter- 
mediate portion of the two connecting waveguide (9), 
(1 0) are formed with S-shaped waveguides of the same 
shape consisted of respectively two curved waveguides 
(9B), (9E), (1QB), (10E) or two curved waveguides and 



straight waveguides (90), (9F), (10C), (1 OF) connecting 
the curved waveguides. One or two polarization mode 
converters are provided In a groove (11 ) formed across 
the S-shaped waveguide, and a perpendicular line to an 
incident surface of light of the polarization mode con- 
verter (1 2) and the S-shaped waveguide fomis an angle 
greater than 0* , 
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[0001] The present invention relates generally to a 
waveguide type optical circuit to be employed n on 
struction of an optical communication system , an optical 
nfomiation processing system and so forth. iVIore par- 
icularly, the invention relates to a technology effertive 
in application for a no polarization wave dependem 

dZ'rnT'^'"'"'""^^^'"^""^'^'^^^^^^ 
[OOM] Conventionally, associating with development 

Am?„«T '"^'^^ optical parts. 

An^ongst. a waveguide type optical parts based on an 

tant part. The reason is thatthewaveguidse type optteal 
part has a feature to be easily manufactured with high 
eproductMty achieving a precision less than or equal 
to an optical wavelength by a photolithographic technol- 
ogy and fine machining technology. 

nterf erometer optical circuit Is constructed with two op- 

wTlTdeH 'H" ^"'^ 
waveguides connecting connecUng these two optical 

coupler. By controlling optical path length difference and 
nterference between two waveguide type phase condi- 
tion vanous functions can be realized. Such optfcal dr- 
ZJ:Zrj^. ^'^ P"t 'nto 

I0004J Figs. 9A and 9B show an example of the con- 
ventional waveguide type Mach-Zehndi intrrfrr^- 
eter. Fig. 9A is a plan view and Fig. 98 shows a secHon 
taken along line IXB-IXB in Fig 9A 

^ '''S- Mach-2ehnder inter- 

ferometer B constructed with a firet Input waveguide 23 
and second input waveguide 24 fonned In a clad 22 of 

fonrod by placing the first input waveguide 23 and the 
s«»nd input waveguide 24 to be pilximal wireich 
other, a hrst output waveguide 26 and a second output 
waveguKle 27, a second directional coupler 28 foZed 
bypI«»ngthefirstoutputwaveguide26andtheseJ^nd 
ou2utwaveguide27proximal With each othe,fi,stcon- 

wavegulde40connectlngthe first directional coupler 25 
and second directional coupler 28. and a thermS-opS 

"^g the optical waveguide, a fused silica prepared by 
way of flame hydrolysis deposttion is used. As shown ij 

S X 7 :,!^7 °" " ^ ''"^'"9 « of 7 

^llr' ^'T"""^ ^'"^^ connecting waveguide 
39 and the second connecting waveguide 40, is embed- 
ded a^ substantially center portion of a clad 22 of 50 um 
ofTJT'"'r the Silicon substrate 21 . A dilferen"^ 

[OOOej As the first directional coupler 25 and the sec- 

colfl 'yP''^^' t° ^"'P'oy 3dB 

coupler set a branching ratio of 1 : 1 . A light input from 



the input waveguide is equally divided by the first direc- 
toonal coupler 25 and propagated to the first connecting 
waveguide 39 and the second connecting waveguide 
40. The light propagated to the first connecting 
5 waveguide39andthesecondconnectingwaveguide4? 
are rombined to cause mutual interference in the sec- 
ond directional coupler 28. The light combined by the 

10 hi V . '° '"^^ °"'P"t waveguide 26 and 
^0 he second output waveguide 27 respectively depend 
ing upon phase condition at that time. For example 
When a l^ht having a wavelength X fmm the firnpu; 

'5 Pier 28 frnTn^"*'"'' directional cou- 

m! /nt f?if ^ °^ "S"** 0 Of a" integer 
rmu^pleofthewa^^^^^ 

from the second output waveguide 27. On the o^er 

is Odd Z ''''' °' two Ste 
IS odd numbermultlpleof thehalf-wavelength (X/2) the 
^°'?;;^<^''9W'soutputfromthefl,stoutpS^ 

ight IS the intemiedlate condition of the condition set 

orth above namely when the phase error Is neightero 
integer multiple of the wavelength X nor odd numb!; 

bo* of the firet output waveguide 26 and the second 
output waveguide 27 at a ratio depending upon the in 
stantaneous condition. pon me in- 

*;««"«;ef"stconnectingwaveguide39andthesecond 
connec^^rig waveguide 40 is AL, the Mach-Zehnder 

l^T^^^L^ '''S- ^'^•i" ^'^i^f' the optical 

path ength difference AL is o or approximately hal 

as an optical attenuator oran optical switch by providing 
athin,jnheade,operatlngasthe 
er 41 on the first connecting waveguide 39 

40 21 on«!!,**'' ^"^.«""o"a' Mach-Zehnder Interferom- 
dS«oS T'- ™y ^P^'^*^ themio-optic 

ence AL is 0. When themio-optic phase shifter41 may 
23 output from the second output waveguide 27 Thus 

jriJfnT'''^''' effectiveVlncreasISby 
heattng the fiist connecting waveguide 39 by operating 
the themio-optic phase shifter 41 (thin film heater) to 
,o L '■"^"'^ °' '"^^ f"^* '^^""ec.t'ng wave 

ight from the first input waveguide 23 is output to the 
S^LmiT""^ waveguide 39. When the optical path 
ength difference AL becomes half wavelength by ad- 

55 S'.*"**!l^^""^'^«"'"9'^t"-0"'thefirstinputwavegulde 
« 23 IS output to the first output waveguide 26 Thus Z 
vanably adjusting the optical path length difference' AL 
IS'k waveguides from 0 to have wave- 

length using the themio-optic phase shifter 41 It be- 
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comes possible to operate as the optical attenuator. On 
the other hand, by using the optical path length differ- 
ence AL of two connecting waveguides only at 0 and 
half wavelength, It can be operated as special optical 
switch. An electrical power required for switching by the 5 
optical switch Is about 0.5W in case the thin film heater 
of 5 mm length and 50 ^im width. On the other hand, a 
temperature elevation of the thin film feature is about 30 
•C. 

[0009] The Mach-Zehnder intewrferometer optical cir- io 
cuit having the optical path length difference AL of two 
connecting waveguides greater than or equal to several 
^m, It can be operated as a wavelength filter. Fig. 11 is 
a plan viewshowing a general construction of the asym- 
metric Mach-Zehnder interferometer optical circuit. The 15 
asymmetric Mach-Zehnder interferometer optical circuit 
Is constructed with the first input waveguide 23 and sec- 
ond input waveguide 24 fabricated on theclad 22 on the 
silicon substrate 21 , a first directional coupler 25 fonned 
by placing the first input waveguide 23 and the second 
Input waveguide 24 to be proximal with each other, the 
first output waveguide 26 and a second output 
waveguide 27, the second directional coupler 28 formed 
by placing the first output waveguide 26 and the second 
output waveguide 27 proximal with each other, first con- 25 
necting waveguide 39 and second connecting 
waveguide 40 connecting the first directional coupler 25 
and second directional coupler 28. As a material for 
fonning the optical waveguide, a fused silica prepared 
by way of flame hydrolysis deposition is used. As shown 30 
in Fig. 9B, the section is that a core having a section of 
7^un X 7 pim, for example the first connecting waveguide 
39 and the second connecting waveguide 40, is embed- 
ded at substantially center portion of a clad 22 of 50 ^m 
thick deposited on the silicon substrate 21 . A difference 35 
of refraction indexes of the clad and the core is 0.75%. 
For example, among incident light from the first input 
waveguide 23, the light having wavelength, at which the 
optical path length difference AL between the connect- 
ing waveguides is just 2N times (N is integer) of the 40 
wavelength, is output from the second output 
waveguide 27, and in case of 2(N-1) times, output from 
the first output waveguide 26. For example, when the 
optical path length difference AL is about 1 .48 mmit op- 
erates as a wavelength filter having a period of 200 GHz 45 
(1.6 nm In wavelength). Fig. 12 Is a conceptual Illustra- 
tion of the wavelength characteristics In the case used 
as the wavelength filter. 

[0010] Here, as shown in Figs. 10 and 12, in case of 
the Mach-Zehnder Interferometer optical circuit, the so 
electric power of the thermo-optic phase shifter 41 and 
the switching power to obtain the same attenuation 
amount Is variable depending upon condition of polari- 
zation of the incident light from the input waveguide, in 
the case of the optical attenuator or the optical switch 55 
having the optical path length difference AL of 0 or about 
half wavelength. In case of the wavelength filter having 
greater AL. the period of the wavelength and the position 



of the peak (wavelength) are variable. This Is the reason 
set forth below. 

[0011] Namely, In case of the optical attenuator or the 
optical switch having the optical path length difference 
AL of 0 or about half wavelength, it is the cause in that 
optical effect of the thennal stress generated by the ther- 
mo-optic phase shifter Is differentiated depending upon 
respective polarization. More particulariy, the foregoing 
is cased by the following mechanism. When the thermo- 
optic phase shifter is operated, the generated beat Is 
diffused to the circumference, and tends to propagate 
in substance having high thermal conductivity. Themnal 
conductivity of air Is 2.61 x 1 0 - 4 W/(cm.deg), and ther- 
mal conductivity of the glass waveguide fomiing the 
Mach-Zehnder interferometer optical circuit is 0.014 W/ 
cm.deg), and the themial conductivity of the silicon sub- 
strate Is 1 .70 W/cm.deg), the heat generated In the ther- 
mo-optic phase shifter 41 Is diffused mainly in the glass 
waveguide to be transmitted to the silicon substrate 21 . 
Since the thennal conductivity of the silicon substrate 
21 Is quite high, the heat flows substantially perpendic- 
ularly to the silicon substrate 21 and a little heat is dif- 
fused to the circumference. Therefore, the connecting 
waveguide immediately below the thermo-optic phase 
shifter 41 is efficiently heated and the circumference 
thereof is locally expanded. 

[0012] The glass waveguide is subject to large com- 
pression stress in horizontal direction with respect to the 
silicon substrate due to different of thennal expansion 
coefficients in comparison with the silicon substrate In 
the process of fabrication of the waveguide. In which the 
glass waveguide is once heated at a temperature higher 
than or equal to 1 000 *»C and then cooled up to the nor- 
mal temperature. Accordingly, the locally expanded pe- 
ripheral portion of the connecting waveguide receives 
new compression stress from the silicon substrate in a 
direction parallel to the substrate. Therefore, In addition 
to variation of the refraction index due to temperature 
elevation, variation of the refraction index due to the 
compression stress is caused. Variation of the refraction 
Index due to variation of the compression stress due is 
referred to as photoelastic effect and is expressed by 
the following equation (1). 

AnTE ^ (Anx) = CI Aaxx + C2(A0yy + Aozz) 



AnTM = (Any) == CI Aoyy + C2(Aaxx + Aozz) 

Wherein x is a direction parallel to the silicon substrate, 
y is a direction perpendicular to the silicon substrate, z 
is a waveguide direction of the light, Aoxx, Aoyy, A a zz 
are respective stress variation amount in x direction, y 
direction and z direction, in which tensile stress is ex- 
pressed by positive value. AnTE is a refraction index 
sensed by a light having electric field component in x 
direction parallel to the silicon substrate (hereinafter re- 
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ferred to as TE mode light). MJM is a refraction index 
sensed by a light having magnetic field component in x 
direction parallel to the silicon substrate (hereinafter re- 
ferred to as TM mode light), CI and C2 are photoelastic 
^efficient of fused silica. CI = -0.74 x lo-s mm2 . ka 
C2 = -4.lx10-5mm2.kg. * 
[0013] As can be seen from the foregoing equation 1 
when a compression stress is applied in a direction par- 
allel to the silicon substrate, stress variation A axx is 
caused to increase refraction index of the glass 
waveguide, At this time, variation amount of the refrac- 
tion index is different between the TE mode light and the 
TM mode light for difference of the photoelastk) coeffi- 
cients 01 and C2. Variation amount AnTM of the TM 
mode light Is greater than the variation amount AnTE of 
the TE rnode light. Namely, when the thermo-optic 
phase shifter 41 Is driven, In addition to variation of re- 
fraction Index due to themio-optte effect, by variation of 

the refraction index due to tocal thermal stress, variation 
of the refraction index of the TM mode light becomes 
greater than that of the TE mode light so that optical 
variation of theTiVI mode light is progressed more qutek- 
ly than the TE mode light. A drive power of the themio- 
optic phase shifter 41 to have the same optical output 
■s snialter than the TM mode light in the extent of about 
4 /o. Accordingly, by employing the Mach-Zehnder inter- 
ferometer optical circuit having the optical path length 
difference AL of two connection waveguide as variable 
optical attenuatorto attenuate the TE mode light for 10 
dB. the TM mode light is attenuated about 11.6 dB to 
differentiate attenuation amount depending upon varia- 
tion of polarization surfaceof the incident light of the op- 
tical attenuator. 

[0014] On the other hand, in case of the Mach-Zeh- 
nder interferometer optnai circuit having large the opti- 
cal path length difference AL of the connection 
waveguKJe, effective optical path length difference be- 
tween the connection waveguide is expressed by the 
following equation (2): 



A nTM are respectively variation amount of refraction 
indexes of the TE mode and the TM modes due to stress 
obtained from the foregoing equation (1). 
[0015] Comparing the variatron amount AnTE of re- 
5 fraction index of the TE mode light and the variation 
amount A nTM of the refraction index of the TM mode 
light, the variation amount AnTM of the refraction index 
of the TM mode light is greater. Therefore, the optical 
path length difference between the connection 
waveguides is effectively greater in the TM mode light 
than the TE mode light. When the optical circuit is em- 
ployed as the wavelength filter, the wavelength X in out- 
putting the incident light from the first input waveguide 
23 0 the second output waveguide 27 satisfies the fol- 
« lowing equation (4): 

AL = 2NA. 

^ wherein N is integer. 

Since variation amount AnTE of the refraction index of 
the TE mode light and the variatton amount AnTM of the 
refraction index of the TM mode light are different in val- 
ues. the wavelength to be output is different depending 
« upon polarization condition of the incident light On the 
other hand, a difference A X between the period the 
wavelength to output, namely wavelength to output and 
the shut off wavelength is expressed by the following 
equation (5): ° 



30 



AX = A,^/2nAI 



AL = Al.n 

In the foregoing equation 2, Al is a physical optical path 
length difference of the connection waveguide n Is the 
refraction index of the connection waveguide! Due to 
large compression stress in x direction exerted from the 
silicon substrate 21, the . refraction index of the 
waveguide is expressed by the following equations (3) 

nTE = nO + AnTE 



nTM = no + AnTM 

In the foregoing equations (3). nO is a refraction index 
of the waveguide when no stress is applied, AnTE and 



35 l°nJ^^T^' ^'^"""'"^ ^^"^ °P^i path 

3s length difference Ai of the connecting waveguide is 20 4 

mm and the wavelength X of the incident light is 1 .55um 
Uie penod A X of the wavelength becomes 0.04 nrnfroni 
the foregoingequation(5).However,sincethe refraction 
index •sdifferentdependinguponpolarizationcondition. 
^ the penod is differentiated depending upon the polari- 
zation conditton. From these reason, even if a light of 
certain wavelength can be separated in the TE mode 
for example, the TM mode light cannot be separated ' 
IP0161 Asa8olutionforthisproblem,thereisameth- 
« od to insert a half-wave plate at the center of two con- 
necfion waveguides of the Mach-Zehnder interferom- 
eter optical circuit. By this, the Incident light in the TE 
mode is converted into the TM mode at the Intemiediate 
50 E!S!t 5 ™ waveguide, and the incident 

« ight of TM mode is converted into TE mode. Therefore 
for incident light of either polarization, the connection 

waveguide is effectively the same length. Therefore.po- 
larization dependency can be resolved. 

[0017] Rg. 13 shows an example of the no polariza- 
ss tion dependent waveguide type Mach-Zehnder interfer- 
ometer optical circuit resolving the polarization depend- 
ency by insertion of the half-wave plate. The Mach-Zeh- 
nder interferometer optical circuit shown in Fig 13 is 
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constructed with a first Input waveguide 23 and second 
input waveguide fonned In a clad 22 of a silicon sub- 
strate 21 , the first output waveguide 26 and the second 
output waveguide 27, the first directional coupler 25 and 
the second directional coupler 28, first connecting wave 
guide 39A, first connecting wave guide 39B, second 
waveguide 40A, second waveguide 40B and thenno- 
optic phase shifter 41 A and thermo-optic phase shifter 
41 B (thin film heater) and thin film type half-wave plate 
32 inserted Into the half-wave plate receptacle groove 
31 formed at the center of the optical path of each con- 
necting waveguide. As the first directional coupler 25 
and the second directional coupler 28, 3 dB coupler Is 
employed. 

[001 8] In fabrication of the half -wave plate receptacle 
groove 31. reactive ion etching or machining, such as 
dicing saw and so forth Is employed. After Insertion Into 
the half -wave plate receptacle groove 31 , the thin film 
type half-wave plale 32 Is fixed by optical bond or the 
liKe. The half -wave plate may be a crystal, such as cal- 
cile. However, since the thickness becomes about 1 00 
including the glass substrate holding the crystal to 
have large loss. Therefore, it Is typical to use the thin 
film type half wave plate 32 as thin film provided bire- 
frlngoncy by drawing a polyimidefilm. As a result, while 
loss is slightly increased, as optical characteristics of the 
Mach-ZchrKterintcrferometeroptlcal circuit, an average 
value of the Tt mode light and the TM mode light as 
shown in F»gs 10 and 12 is obtained to resolve polari- 
zation dependency. 

[0019] While the foregoing description has been given 
for the Macn-Zchnder interferometer optical circuit, sim- 
itar effect can bo expected even in other circuit, such as 
arrayed waveguide grating optical circuit. Fig. 1 5 shows 
an example of no polarization dependency arrayed 
waveguide grating optical circuit resolving the polariza- 
tion dependency. The an^ayed waveguide grating optical 
circuit is constructed with an Input waveguide cluster 34, 
a output waveguide cluster 36, a first slab waveguide 
35, a second slab waveguide 37, the half -wave plate re- 
ceptacle groove 31 , the thin film type half-wave plate 32, 
a first arrayed waveguide 42A and a second arrayed 
waveguide 42B between the first slab waveguide 35 and 
the second slab waveguide 37. 
[0020] The first an-ayed waveguide 42A and the sec- 
ond arrayed waveguide 42B are provided a given optical 
path length difference AL between adjacent 
waveguides. A light of certain wavelength inclded from 
the input waveguide cluster 34 Is diffracted at an inlet of 
the first slab waveguide 35 to spread In the first slab 
waveguide 35 and output to the first an-ayed waveguide 
42A. The light propagated to the first arrayed waveguide 
42A and the second arrayed waveguide 42B reaches 
the second slab waveguide 37. However, since the giv- 
en optical path length difference AL is provided between 
adjacent waveguides In the arrayed waveguide, the light 
reaches the second slab waveguide 37 with a phase dif- 
ference con-espondlng to the optical path length differ- 



ence. The light entering into the second slab waveguide 
37 is diffracted and spread. However, the light output 
from respective arrayed waveguides interfere with each 
other to diffract toward a direction (diffraction angle) 

5 where wave surface of light is an-anged as a whole, to 
converge at a connecting portion with the output 
waveguide. By arranging the output waveguide at this 
position, the light of the wavelength set forth above can 
be branched. Since velocity of the light is variable de- 

10 pending upon wavelength, the phase difference provid- 
ed by the aaayed waveguide is different to differentiate 
the convergence position depending upon the wave- 
length. Namely, the by connecting the output waveguide 
cluster 36 aggregating the output waveguides at the 

15 convergence position of the lights of respective wave- 
lengths to the second stab waveguide 37, the lights of 
different wavelengths can be output from respective out- 
put waveguides. 

[00211 Here, the effective optical path length differ- 

20 ence AL of the arrayed waveguide is different in the TE 
mode wave and theTM mode wave due to compression 
stress exerted by the silicon substrate. Accordingly, the 
wavelength output to certain output waveguide is differ- 
entiated by polarization condition. Therefore, by insert- 

25 ing the thin film type half-wave plate 32 at the intemie- 
dlate position in the arrayed waveguide, the optical path 
length differences of the an^ayed waveguide can be 
made equal for either polarized light. 
[0022] The method for resolving polarization depend- 

30 ency by inserting the half-wave plate is a method appli- 
cable for other optical circuit, such as ring resonator, di- 
rectional coupler and so forth. 
[0023] However, in the prior art, in order to remove 
polarization dependency by the thin film type half-wave 

35 plate 32, the thin film type half-wave plate 32 has to be 
inserted strictly at the center of axial symmetry. Thus, it 
is typical to layout the optical circuit with maintaining ax- 
ial symmetry. Accordingly, the half-wave plate recepta- 
cle groove 31 is fonned perpendicularty with respect to 

40 respective connection waveguides. When the thin film 
type half-wave plate 32 is inserted in the half-wave plate 
receptacle groove 31 and fixed by optical bond, due to 
difference of refraction indexes between the glass 
waveguide and the optical bond and between the optical 

45 bond and the half-wave plate, a part of the light propa- 
gated through respective connection waveguides can 
be reflected to return toward the input waveguide side. 
Hereinafter, the light returning to the input waveguide 
side will be hereinafter referred to as reflected return 

so light. For example, a spectmm of the reflected return 
light in the arrayed waveguide grating optical circuit 
shown In Fig. 15, is shown in Fig. 17. From Fig. 17, it 
can be seen that -35 dB of light at the maximum is re- 
flected toward the incident port. The reflected return light 

55 can provide adverse effect for the system employing this 
device. For example, when the reflected return light re- 
turns to a semiconductor laser, an output Intensity of the 
laser niay be fluctuated to make the system unstable. 
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10024] On the other hand, it is possible to reduce the 
reflected return light by obliquely forming the groove 31 
for receiving the A/2 plate with respect to an axis of sym- 
metry, as shown in Figs. 14 and 16. However, in such 
case, the axial symmetry is destroyed to make it impos- 
srble to completely resolve the polarization dependency 
of the optical circuit. 

[0025J The present invention has been worked out in 
view of the shortcoming set forth above. It Is therefore 
an object of the present Invention to provide a no polar- 
ization dependent waveguide type optfcal circuit which 
can completely resolve polarization dependency and 
can reduce neflerted return light. 
[0026] To achieve the above objective, the present In- 
vention according to a first aspect provides a no polari- 
zation dependent waveguide type optical circuit includ- 
ing one or more Input waveguides formed on a sub- 
strate, a first optical coupler connected to the input 
waveguWe, one or more output waveguides, a second 
ojjtical coupler connected to the output waveguides a 
plurality of connecting waveguide connecting the firet 
optical coupler and the second optical coupler forming 
an optical circuit, and a polarization mode converter pro 
vided at a center of an optical path of the connecting 
waveguide of the optical circuit and converting a horl- 
zontally polarized light into a vertically polarized light 
arid converting a vertically polarized light Into a horizon- 
tally polarized light, wherein 
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waveguides of the same shape consisted of respec- 
tively two curved waveguides or two curved 
waveguides and straight waveguides connecting 
the curved waveguides, and 
one or two polarization mode converters being pro- 
vided in a groove formed across the S-shaped 
waveguide, and a perpendicular line to an incident 
surface of light of the polarization mode converter 
and the S-shaped waveguide fomis an angle great- 
er than 0». a a ai 



intennedlate portion of a plurality of the connecting 
wavegukte being formed with S-shaped 
wavegu Wes of the same shape consisted of respec- 
tively two curved waveguides or two curved 
waveguides and straight waveguWes connecting 
the curved waveguides, and 
one or two polarization mode converters being pro- 
vided in a groove fomied across the S-shaped 
waveguide, and a perpendicular line to an Incident 
surface of light of the polarization mode converter 
and the S-shaped waveguide fomis an angle great- 
er than 0«. a a «>' 

[0027] According to a second aspect, the invention 
provides a no polarization dependent waveguide type 
optical circuit provided with a polarization mode convert- 
er for converting a horizontally polarized light Into a ver- 
tically polarized light and a vertically polarized light into 

a horizontalV polarized light at a center of an optteal path 
of connecting waveguides of a Mach-Zehnder Interfer- 
ometer optical circuit including a first directional coupler 
and a second directional coupler, in which two optical 
waveguides fomned on a substrate are placed close 
proximity with each other, and two connecting 
waveguides connecting the first dlioctionai coupler and 
the second directional coupler, wherein 

intemiediate portton of the two oonnectina 
waveguide being fomied with S^haped 



[0028] According to a third aspect, the Invention pro- 
vides a no polarization dependent waveguide type od- 
tical circuit provided with a polarization mode converter 
for converting a horizontally polarized light into a verti- 
cally polarized light and a vertically polarized light into 
ahorizontallypoiarized lightatacenterof an opticalpath 
of connecting waveguides of a Mach-Zehnder interfer- 
ometer optical circuit including a fiist multi-mode inter- 
ference coupler and a second mufti-mode Interference 
coupler, in which two optfcal wavegukJes fomied on a 
substrate are placed close proximity with each other 
and two connecting wavegukJes connecting the first 
mult-modecouplerandthesecondmulti-modecoupler 



intennedlate portion of the two connecting 
waveguide being fomied with S-shaped 
waveguides of the same shape consisted of respec- 
tively two curved waveguides or two curved 
waveguides and straight waveguides connecting 
the curved waveguides, and 
one or two polarization mode converters being pro- 
vided in a groove fonned across the S-shaped 
waveguide, and a perpendicular line to an incident 
surface of light of the polarization mode converter 
and the S-shaped waveguide forms an angle great- 
er than 0«. a a oi 
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[0029] According to a fourth aspect, the invention pro- 
vides a no polarization dependent waveguide type op- 
tical circuit wherein, in the second orthird aspect, a ther- 
mo-optc phase shifter is provided at least one of the 
43 TJ!'^"^ waveguides, and the themio-optic phase 
« shifter is separated on input side and output side of the 
polarization mode converter 
[0030] According to a fifth aspect, the invention pro- 
vides a no polarization dependent waveguide type op- 
ftcal cirruit including one or more input waveguides, a 

fir8t8labwavegulde.lnwhfchalightpropagatedthrough 
the input waveguide propagates freely, an an-ayed 
waveguide consisted of a plurality of waveguides con- 
nected to the first slab waveguide and provided a given 
optical path length difference respective of adjacent 
» waveguides, a second slab waveguide connected to the 
artay waveguide and freely propagating the light prop- 
agated through the arrayed waveguide, and one of more 
output waveguide for forming an arrayed waveguide 
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grating circuit, and a polarization mode converter con- 
verting a horizontally polarized light into a vertically po- 
larized light and a vertically polarized light into a hori- 
zontally polarized light being provided in a center of an 
optical path of the arrayed waveguide of the arrayed 
waveguide grating circuit, wherein 

intermediate portion of the arrayed waveguide be- 
ing fornied with S-shaped waveguides of the same 
shape consisted of respectively two curved 
waveguides or two curved waveguides and straight 
waveguides connecting the curved waveguides, 
and 

one or two polarization mode converters being pro- 
vided in a groove fomned across the S-shaped 
waveguide, and a perpendicular line to an Incident 
surface of. light of the polarization mode converter 
and the S-shaped waveguide forms an angle great- 
er than 0*. 

[0031] According to a sixth aspect, the invention pro- 
vides a no polarization dependent waveguide type op- 
tical circuit wherein. In any one of the first to fifth aspect, 
the angle defined between perpendicular line to an in- 
cident surface of light of the polarization mode converter 
and the S-shaped waveguide is in a range of 3 to 10®. 
[0032] According to a seventh aspect, the invention 
provides a no polarization dependent waveguide type 
optical circuit wherein, in any one of the first to sixth as- 
pect, the straight waveguide connecting the curved 
waveguides Is tapered varying width in longitudinal di- 
rection, and the width of the tapered straight waveguide 
becomes maximum at a portion where the polarization 
mode converter is provided. 
[0033] According to a eighth aspect, the invention pro- 
vides a no polarization dependent waveguide type op- 
tical circuit wherein, in any one of the first to seventh 
aspect, the polarization mode converter is a half-wave 
plate, an optical main axis of the half-wave plate fomis 
46** relative to a waveguide substrate. 
[0034] According to a ninth aspect, the invention pro- 
vides a no polarization dependent waveguide type op- 
tical circuit wherein, in any one of the first to eighth as- 
pect, the polarization mode converter is a thin film type 
half-wave plate. 

[0035] According to a tenth aspect, the Invention pro- 
vides a no polarization dependent waveguide type op- 
tical circuit wherein, in any one of the first to ninth as- 
pect, the optical waveguide Is a glass optical waveguide. 
[0036] The above and other objects, features and ad- 
vantages of the present invention will become more ap- 
parent from the following description of embodiments 
thereof taken In conjunction with the accompanying 
drawings. 

Fig. 1 is a plan view showing a general construction 
of an embodiment 1 of no polarization dependent 
waveguide type optical circuit according to the 



present Invention; 

Fig. 2 is a section taken along line II - II of Fig. 1 ; 

Fig. 3 is an illustration for explaining operation of 

the embodiment 1 of no polarization dependent 
5 waveguide type optical circuit; 

Fig. 4 is an illustration showing an Incident angle 01 

dependency of polarized wave conversion efficlen - 

cy by a thin film half-wave plate; 

Fig. 5 is a plan view showing a general construction 
^0 of an embodiment 1 A of the no polarization depend - 

ent waveguide type optical circuit according to the 

present invention; 

Fig. 6 is a plan view showing a general construction 
of an embodiment 1 A of the no polarization depend - 
^5 ent waveguide type optical circuit employing a ta- 
pered waveguide; 

Fig, 7 is a plan view showing a general construction 
of an embodiment 2 of no polarization dependent 
waveguide type optical circuit according to the 

^0 present Invention; 

Fig. 8 is an illustration showing a reflection spec- 
trum in the embodiment 2; 
Figs. 9A and 9B are Illustration showing the conven- 
tional Mach-Zehnder interferometer optical circuit, 

25 in which Fig. 9A is a plan view and Fig. 9B is a sec- 
tion; 

Fig. 10 is an Illustration for explaining characteris- 
tics of the conventional Mach-Zehnder Interferom- 
eter optical circuit; 

30 Fig, 1 1 is a plan view of asymmetric Mach-Zehnder 
interferometer optical circuit; 
Fig. 12 is an illustration for explaining characteris- 
tics of the conventional Mach-Zehnder Interferom- 
eter optical circuit; 

35 Fig. 13 is a plan view of the conventional no polar- 
izaitlon dependent type Mach-Zehnder interferom- 
eter optical circuit; 

Fig. 1 4 is a plan view of the Mach-Zehnder interfer- 
ometer optical circuit restricting a reflected return 
40 light; 

Fig. 15 is a plan view of the conventional no polar- 
ization dependent type arrayed waveguide grating 
optical circuit; 

Fig. 1 6 Is a plan view of the arrayed waveguide grat- 
ing optical circuit restricted the reflected return light; 
and 

Fig. 17 Is an illustration showing a reflection spec- 
trum of the conventional arrayed waveguide grating 
optical circuit. 

50 

[Embodiment 1] 

[0037] Fig. 1 is a plan view showing a general con- 
struction of an embodiment 1 of no polarization depend- 
55 ent waveguide type optical circuit according to the 
present invention, and Fig. 2 Is a section taken along 
line II - II of Fig. 1. 

[0038] In Figs. 1 and 2, the reference numeral 1 de- 
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notes a silicon substrate. 2 denotes a clad, 3 denotes a 
first input waveguide. 4 denotes a second input 
waveguide. 5 denotes a first directional coupler actinq 
as a first optical coupler. 6 denotes a first output 
waveguide. 7 denotes second output waveguide 8 de- 
notes second directional coupler acting as a second op- 
tical coupler, 9 denotes a first connection waveguide 10 
denotes a second connection waveguide, 11 denotes a 
haif-wave plate insertion groove 11, 12 denotes a thin 
film type half-wave plate 12 serving as a polarization 
mode converter 9A denotes a first developing 
waveguide, 9B denotes a first cuived waveguide 9C d^ 
notes a first straight waveguide, 9D denotes a second 
developing waveguide, 9E denotes a second curved 
waveguide, 9F denotes a second straight waveguide 
86 and 9H denote thermo-optic phase shifters (thin filrti 
healer). lOAdenotesathlrddevelopingwaveguide IOB 
denotes a third cuived waveguide, 10C denotes a'third 
slraighi waveguide. 10D denotes a fourth developing 
waveguide. 10E denotes a fourth curved waveguide 
lOF denotes a fourth straight waveguide, and. in Fig 2' 
the rctererwe numeral 13 denotes an optical main axis 

COOMJ As shown in Figs. 1 and 2, the no polarization 
depondont waveguide type optical circuit of the embod- 
•mont 1 saMach-Zehnder interferometer optical circuit 
Which K constructed with first input waveguide 3 and 
second input waveguide 4 foimed in the clad 2 on the 
sil«on substrate 1 , the first directional coupler 5 formed 
by placing the first input waveguide 3 and the second 
input waveguide 4 in proximal with each other, the first 
output waveguide 6 and the second output waveguide 
7, the second directional coupler 8 fomied by placing 
the first output waveguide 6 and the second outpirt 
waveguide 7 in proximal with each other, the firet con- 
nection waveguide 9 and the second connection 
waveguide 10 connecting the first directional coupler 5 
and the second directional coupler 8, the thin film type 
half-wave plate 12 inserted in the half-wave plate inser- 
tion groove 11 extending through the first connection 
waveguide 9 and the second connection waveguide 1 0 
As the first directional coupler 5 and the second direc- 
tional coupler 8, 3 dB coupler Is used. 
I0040J The first connection waveguide 9 is construct- 
ed wfth first developing waveguide 9A connected to the 
first directional coupler 5, the first curved waveguide 9B 
connected to the Hrsl developing waveguide 9A. thefirst 
straight waveguide 9C positioned between the firet 
cuived waveguide 98 and the half-wave plate insertion 
groove 11, the second developing waveguide 9D con- 
nected to the second directional coupler 8, the second 
curved waveguide 9E connected to the second devel- 
oping waveguide 9D and the second straight waveguide 
9F positioned between the second curved waveguide 
9E and the half-wave plate insertion groove 11 
r0041] Similarly, tlie second connection waveguide 
10 IS constmcted with the third developing waveguide 
1 0A connected to the first directional coupler 5, the third 



cuived waveguide 108 connected to the third develop- 
ing waveguide 10A, the third straight waveguide IOC 
positioned between the th Ird cu ived waveguide 1 08 and 
the half-wave plate insertion groove 1 1 , the fourth de- 
5 veloping waveguide 1 0D connected to the second direc- 
tional coupler 8, the fourth curved waveguide 1 0E con- 
nected to the fourth developing waveguide 10D and the 
fourth straight waveguide 10F positioned between the 
fourth cun/ed waveguide 10E and the half-wave plate 
insertion groove 11. 

[0042] It can be said that the Mach-Zehnder interfer- 
ometer optical circuit of the shown embodiment 1 is di- 
vided by the half-wave plate insertion groove 1 1 into two 
parts, thefirstcurved waveguide9Bandthethirdcurved 
'5 waveguide 108 having the same radius and the same 
angle ©i, the second curved waveguide 9E and the 
fourth curved waveguide 10E having the same radius 
and the same angle e, but oriented the rotational center 

20 f rfh'" *T °' '^""'^^ «'«veguide 9B 

and the third cuived waveguide IOB over 180' and 
these first straight waveguide 9C, the third straight 
waveguide IOC, the second straight waveguide 9F and 
the fourth straight waveguide 10F are connected 
[0043] An S-shaped waveguide formed with the first 
25 curved waveguide 9B, the first straight waveguide 9C 
the second curbed waveguide 9E and the second 
straightwaveguide 9Fatthe intemiediate portion of the 
first connection waveguide 9 and an S-shaped 

30 r''l^"^^^''"^^'^*'*^^^*'^'^^'^""'«**«'3veguide10B 
30 the third straight waveguide IOC, the fourth curved 
waveguide 10E and the fourth straightwaveguide 10F 
at the intemnediate portion of the second connection 
waveguide 10 are the same shape and have the optical 
35 m J^^ Therefore, the optical path length difference 
AL between the first connection waveguide 9 and the 
second connection waveguide 10 is provided by a de- 
veloping distance of the first developing waveguide 9A 
the third developing waveguide 1 0A. the second devel- 
oping waveguide 9D and the fourth developing 
40 waveguide 1 CD. "cveiopmg 

[00441 Each waveguide is a quartz type optical 
waveguide As a material for fomiing L optical 
waveguide, a fused silica prepared by way of flame hy- 
drolysis deposition is used. As shown In Fig. 2. the sec- 
tion is that a core having a section of 7 Mtn x 7 um for 
example the second straight waveguide 9F and 'the 
fourth straight waveguide 1 0F. is eriibedded at substen- 
tialjr center portion of a clad 2 of 50 jim thick deposited 
on the silicon substrate 1 . A difference of refraction in- 
dexes of the clad and the core is 0.75%. 
[0045] On the other hand, as shown in Fig. 1 the half- 
wave plate insertion groove 11 is fomied in the optical 
paths of the first connection waveguide 9 and second 
connection waveguide 10 with its peipendteular lines 
forming the angle e, with the first straight waveguide 
9C, the second straight waveguide 9F, the third straight 
waveguide 1 0C and the fourth straight waveguide 1 0F. 
Thehalf^vaveplateinsertion groove 1 1 has adimension 
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of about 30 ^im in width and about 100 ^im in depth. The 
half-wave plate insertion groove 1 1 1s prepared by reac- 
tive ion etching or machining, such as dicing saw. The 
thin half -wave plate 12 inserted Into the half-wave plate 
receptacle groove 11 has in-plain double refraction with 
high refraction index in drawing direction The thin film 
type half-wave plate 12 inserted within the half-wave 
plate Insertion groove 11 is a film having a thickness 
about 20 |im fonned by unidirectional drawing of poly- 
Imide film. The optical main axis 13 is oriented to have 
angle of 45^ with the silicon substrate 1 as shown In Fig. 
2. 

[0046] The thin film type half-wave plate 12 Inserted 
within the half-wave plate Insertion groove 1 1 is fixed by 
an ultraviolet curing or themnosetting optical bond. The 
thin film type half-wave plate 12 Is divided Into two by 
the first directional coupler 5. Then, the TE mode light 
and TM mode light having wavelength of 1 ,55 \m prop- 
agated through the first developing waveguide 9A, the 
first curved waveguide 9B and first straight waveguide 
9C of the first connection waveguide 9 and the third de- 
veloping waveguide 10A, the third curved waveguide 
1 0B and the third straight waveguide 1 0C of the second 
connection waveguide 10 are respectively converted in- 
to TM mode light and the TE mode light to rotate the 
polarization surface over 90**. The thin film type half- 
wave plate 12 is arranged at the center of respective 
optical paths of the first connection waveguide 9 and the 
second connection waveguide 1 0 to have the same op- 
tical path length in either mode light. Therefore, polari- 
zation dependency of the Mach-Zehnder interferometer 
optical circuit can be resolved. 
[00471 Respective refraction indexes of the thin film 
type half wavelength plate 12 and the optical bond fixing 
the thin film type half-wave plate 12 are generally differ- 
ent. Therefore, the light propagated through the con- 
necting waveguide Is reflected on respective boundary 
surface. 

[0048] Fig. 3 is an Illustration for explaining operation 
of the no polarization dependent waveguide type optical 
circuit of the shown embodinnent 1 and shows a result 
of calculation of the reflected retum light amount de- 
pending upon the angle 0^ formed by the perpendicular 
line to the Incident surface of the half-wave plate and 
the waveguide. 

[0049] The result of calculation shown In Fig. 3 shows 
the result obtained assuming the dimension of the core 
section of the waveguide Is 7 jtm x 7 jim, and relative 
refraction Index difference of the clad and the core Is 
0.75%, and the substance filled in the half-wave plate 
Insertion groove 11 is air (refraction index is 1.0). Nor- 
mally, at the boundary with the waveguide, bond Is filled. 
Since the bond having refraction index close to the re- 
fraction Index of the waveguide is used, the reflected 
retum light amount becomes the maximum, and the val- 
ue to be actually returned is smaller 
[0050] When the angle 0^ between the thin film type 
half-wave plate 12 and the straight waveguide portion 



of each connection waveguide is 0*, there Is 14.7 dB of 
reflected return light. The reflected return light among 
becomes smaller at greater angle 0^. For example, 
when the 0^ Is greater than or equal to 5**, the reflected 
s return light amount becomes greater than or equal to 30 
dB, and when 0^ is greater than or equal to 8', the re- 
flected return light amount becomes greater than or 
equal to 60 dB, Accordingly, in only viewpoint of lowering 
of the reflected retum light, it is preferr^^d to make the 
10 angle 0^ as great as possible. However, if the angle 0^ 
becomes excessively great, the polarization conversion 
efficiency of the thin film type half-wave plate 12 Is de- 
graded. The relationship between 0^ and polarization 
conversion efficiency is shown In Fig. 4. As can be seen 
^5 from Fig. 4, when the angle 0^ is greater than or equal 
to 1 0* m the polarization conversion efficiency becomes 
less than or equal to 99.9% to abmptly degrade no po- 
larization dependent efficiency. Therefore, the prefen-ed 
range of the angle 0^ is 3 to 10**. On the other hand, 
20 with taking the shown construction, the half-wave plate 
Insertion groove 11 becomes single to facilitate machin- 
ing by dicing saw or the like. Such machining is simpler 
in comparison with the formation method by etching or 
the like to enable fomiation of the groove in short period. 
25 Therefore, the shown method Is advantageous in view 
point of manufacturing. 

[0051] The shown embodiment is designed at 0^ = 
5'. At this time, the reflected retum light to the incident 
port was -39 dB. Comparing the conventional case 
30 where the reflected retum light was -22 dB at 0^ = 0, 
the reflected retum light could be lowered about 17 dB. 

[Embodiment 1A] 

35 [0052] Fig. 5 is a plan view showing general construc- 
tion of tha no polarization dependent waveguide type 
optical circuit of . the embodiment 1A according to the 
present invention. The shown embodiment Is directed 
to no polarization dependent asymmetric Mach-Zeh- 

40 nder interferometer optical circuit as a wavelength filter 
having optical path length difference AL of two connect- 
ing waveguides of several jim. Lowering of reflection by 
the thin film half-wave plate Is realized by providing the 
first curved waveguide 9B, first straight waveguide 9C, 

45 the second straight waveguide 9F and second curved 
waveguide 9E at the central portion of the first connec- 
tion waveguide 9 and by providing the third curved 
waveguide 10B, the third straight waveguide IOC, the 
fourth straight waveguide 10F and the fourth curved 

so waveguide 1 0E at the center portion of the second con- 
nection waveguide 1 0. 

Since total length of the first curved waveguide 98, the 
first straight waveguide 9C, the second straight 
waveguide 9F and the second curved waveguide 9E 
55 and the total length of the third curved waveguide 1 0B, 
the third straight waveguide IOC, the fourth straight 
waveguide 10F and fourth curved waveguide 10E are 
equal to each other the optical path length difference AL 
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is provided by the first dsveleping waveguide 9A. the 
third developing waveguide 10A and the secorjd devel- 

developing waveguide 10D 
[00531 Furthermore, by forming the firet straight 
waveguide 9C, the third straight waveguide IOC the 
second straight waveguide 9F and the fourth straiqht 
waveguide lOFintaperedshape as shownin Fig. 6 field 
of waveguide mode as inciding to the thin film type half- 
wave plate 12 can be widen to result in lowering of effi- 
ciency Of re-coupling of the reflection light generated by 
tlie thin film type half-wave plate 12 to the waveguide 
Namely, by employing the tapered waveguide, the re^ 
flection light can be reduced. Also, such tapered 
wayeguKie is also effective in lowering the excess loss 
by ttie half-wave plate insertion groove 1 1 . In the shown 
embodiment, by widening the core width from 7 um to 
the Widest 12 um, the reflected return light can be low- 
ered to -41 dB. In comparison with the case where the 
core width is not varied, about 2 dB of reflection sup- 
pressing effect could be realized. 
[0054] As set forth above, the embodiment 1. in the 
Mach-Zehnder interferometer optical circuit, by provid- 
ing the S-shaped waveguide consisted of the two curved 
waveguides and straight waveguides connecting the 
curved waveguide at the intemiediate portion of the con- 
necting waveguides connecting the first directional cou- 
pler and the second directional coupler, and the half- 
wave plate Is inserted in the S-shaped waveguide por- 
tion, the polarization dependency can resolved. Thus 
the no polarization dependent Mach-Zehnder interfer- 
ometer optical circuit with lowered reflected return light 

can be obtained. In the foregoing embodiment, while di- 
rectional couplers 5 and 8 are employed as optical cou- 
plers fomiing the Mach-Zehnder interferometer optical 

circuit multi-mode interference couplermay also be em- 
ployed in place. 



[Embodiment 2] 

[00551 Fig. 7 is plan view showing a general construc- 
tion 0 the no polarization dependent waveguide type 
optrcal circuit of the embodiment 2 according to the 
present invention. The reference numeral 14 denotes 
an input waveguide cluster, 15 denotes a first slab 
waveguide, 1 6 denotes an output waveguide cluster 1 7 
denotes a second slab waveguide, 18 denotes an'ar- 
rayed waveguide. ISA denotes a first arrayed 
waveguide, 18B denotes a second curved waveguide 
cluster, 18C denotes a first straight waveguide cluster. 
1 8D denotes a second waveguide. 1 8E denotes a sec- 
ond curved waveguide cluster. 18F denotes a second 
strarght waveguide cluster. 

[0056] As shown in Fig. 7, the no polarization depend- 
ent waveguide type optical circuit of the second embed- 
ment of the present invention is constructed with the 
input waveguide cluster 14 and the first slab waveguide 
i5connectedtotheinputwaveguidecluster14 theout- 
put waveguide cluster 16. the second slab waveguide 



17 connected to the output waveguide cluster 16 the 
array waveguide 1 8 connecting the first slab waveguide 
15 and the second slab waveguide 1 7, and the thin film 
type half-wave plate 12 Inserted In the half-wave plate 
insertioii groove 11 extending thmugh the arrayed 
waveguide 18. ' 

[0057] The array waveguide ISisconstructedwiththe 
first arrayed waveguide 18A connected to the first slab 
waveguide 15. the first curved waveguide cluster 18B 
«> connected to the first array waveguide 18A, the first 
straight waveguide 18C positioned between the first 
curved waveguide flux 18B and the half-wave plate in- 
sertion groove 11, the second arrayed waveguide 18D 
connectedtothesecondslab waveguide 17, thesecond 
'5 curved waveguide cluster 1 BE connectedto the second 

arrayed waveguide18D,thesecond straight waveguide 
cluster I8F positioned between the second curved 

waveguide cluster18Eand the half-wave plate insertion 
groove 11. 

^ [0OS8] Respectlveconnectionpointsbetweenthefitst 
arrayed waveguide 1 8A and the first curved waveguide 
clus er 18B and between the first curbed waveguide 
cluster 1 8B and thefirst straight waveguide cluster 18C 
and respective connection points between the second 
arrayed waveguide 18D and the second curved 
waveguide cluster 1 BE and between the second curved 
waveguide cluster 18E and the second straight 

wavepuldeclusterlSFarelocated in alignment onaifne 
para«el to the half-wave plate insertion groove 11 and 

J l ?/""" On the other hand 

the half-wave plate insertion groove 11 is fomied by 

S °L!^^^'"'9 such as dicing saw or the like 
[00591 Tlie arrayed waveguide grating optical circuit 

35 d .l?^"'"r''°'^''"^"^ ^ ^ construction for re- 
^5 ducmg the reflected retum light from the thin film type 
hatf-wave plate 12 in the same method as the MaS- 
Zehiider interferometer optical circuit of the embodi- 
ment 1 . Namely, by separating the arrayed waveguide 

40 ZT- ""'S- 9 by the half-iave 

^ plate insertion groove 11, and the separated compo- 

si!S ZT"f^^^ ^ ^-"^"^^ *«^«9"W« con- 
sisted of the first curved waveguide cluster 18B. thesec- 
ond curved waveguide cluster 18E and the first straight 

[00601 The curved waveguides fomiing the first 
curved waveguide cluster 18B and the second curvZ 
waveguide cluster18Ehave the same curve radius and 
angle Og, and the cun^e of the first curved waveguide 
cluster 18B and the cun^e of the second curved 

^ ^veguideciusterlBEaredifferentiatedtheorientatlon 
of rotatronal center over 180». On the other hand 

sfralghtwaveguldesfomilngthefirst straight waveguide 
cluster 1 8C and the second straight waveguide cluster 

18Fhavethesameiength.andtheirperpendicularlines 
omi the same angle with the half-wave plate inser- 
fton groove 11 and thin film type half-wave plate 12 
Namely, each waveguide disposed between the first ar-' 
rayed waveguide I8A and the second artayed 
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waveguide 1 8D are all have the same S-shaped config- 
uration and have the same optical path lengths. Accord- 
ingly, each waveguide of the arrayed waveguide 1 8 dis- 
posed between the first slab waveguide 1 5 and the sec- 
ond slab waveguide 1 7 have the optical path length dif- 5 
ference AL with adjacent waveguide to have the sanr^e 
characteristics as the arrayed waveguide grating optical 
circuit shown in Fig. 14. 

[0061] The angle @2 between the perpendicular line 
of the thin film type half-wave plate 1 2 and each straight io 
waveguide fomiing the first straight waveguide cluster 
and the second straight waveguide cluster 18F is pre- 
ferred to be In a range of 3 to 1 0' as in the embodiment 
1 . The shown embodiment is defined to have the angle 
02 = 5** . In this case, reflection spectrum of the arrayed is 
waveguide grating optical circuit is shown in Fig. 8. The 
reflection is -50 dB at the maximum. In comparison with 
-35 dB of the prior art, 15 dB of reflection suppression 
could be realized. With taking the shown construction, 
the half -wave plate insertion groove 11 becomes single 20 
to facilitate machining by dicing saw or the like. Such 
machining is simpler in comparison with the formation 
method by etching or the like to enable fomnation of the 
groove in short period. Therefore, the shown method is 
advantageous in view point of manufacturing. 25 
[0062] As set forth above, with the shown embodi- 
ment 2, in the an-ayed waveguide grating optical circuit, 
It becomes possible to obtain the no polarization de- 
pendent waveguide type optical circuit, in which the S- 
shaped waveguides of the same shape consisted of two 30 
curved waveguides and straight waveguides connect- 
ing the curved waveguides are provided at the intemie- 
diate portion of the arrayed waveguide between the first 
slab waveguide and the second slab waveguide, and 
the half-wave plates are inserted in the S-shaped 35 
waveguide portion to resolve polarization dependency 
and to reduce reflected retum light. 
[0063] Although the present Invention has been illus- 
trated and described with respect to exemplary embod- 
iment thereof, it should be understood by those skilled 40 
In the art that the foregoing and various other changes, 
omission and additions may be made therein and there- 
to, without departing from the spirit and scope of the 
present invention. Therefore, the present invention 
should not be understood as limited to the speclfk; env 
bodiment set out above but to include all possible em- 
bodiments which can be embodied within a scope en- 
compassed and equivalent thereof with respect to the 
feature set out in the appended claims. For instance, 
while the half-wave plate Insertion groove 11 is formed 
across the straight waveguide in the S-shaped wave 
guide in the embodiment 1 and the embodiment 2, the 
S-shaped waveguide may also be fomried only with the 
curved waveguides omitting the straight waveguides 
and the half-wave plate insertion groove 11 may be pro- 
vided at the joint portion between the directly connected 
curved waveguides. Also, in the shown embodiments, 
while the thin film type half-wave plate 12 Is Inserted at 



physical center point of the optical circuit since the 
shown embodiment of the optical circuit has a symmet- 
rical structure with respect to the direction for propagat- 
ing the light However, as shown In Fig.7. the thin film 
type half -wave plate 12 may not cause optical charac- 
teristics even if it Is moved in parallel in lateral direction 
as long as the region In the S-shaped waveguide 18. 
Therefore, it is not essential feature of the present in- 
vention to place the half-wave plate insertion groove 11 
and the thin film type half-wave plate 12 at physical cent- 
er point in the optical circuit. 

[0064] The present invention has been described In 
detail with respect to prefen-ed embodiments, and It will 
now be apparent from the foregoing to those skilled in 
the art that changes and modifications may be made 
without departing from the invention In Its broader as- 
pects, and it is the Invention, therefore, in the appended 
claims to cover all such changes and modifications as 
fall within the true spirit of the invention. 



Claims 

1 . A no polarization dependent waveguide type optical 
circuit including one or more input waveguides (3), 
(4) fonned on a substrate, a first optical coupler (6) 
connected to said input waveguide (3), (4), one or 
more output waveguides (6), (7), a second optical 
coupler (8) connected to said output waveguides 
(6), (7), a plurality of connecting waveguide (9), (10) 
connecting said first optical coupler (5) and said 
second optical coupler (6) fomriing an optical circuit, 
and a polarization mode converter (12) provided at 
a center of an optical path of said connecting 
waveguide of said optical circuit and converting a 
horizontally polarized light into a vertically polarized 
light and converting a vertically polarized light Into 
a horizontally polarized light, 

characterized in that 

Intemiedlate portion of a plurality of said con- 
necting waveguide (9), (10) being formed with 
S-shaped waveguides of the same shape con- 
sisted of respectively two cun^ed waveguides 
(9B), (9E), (10B), (10E) or two cun^ed 
waveguides and straight waveguides (9C), 
(9F), (10C), (IGF) connecting said cun/ed 
waveguides, and 

one polarization mode converter (12) being 
provided In a groove (11) fomned across said 
S-shaped waveguides, and a perpendicular 
line to an Incident surface of light of said polar- 
ization mode converter (12) and said S-shaped 
waveguide fornis an angle greater than 0*. 

2. A no polarization dependent waveguide type optical 
circuit provided with a polarization mode converter 
(1 2) for converting a horizontally polarized light Into 
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a vertically polarized light and a vertically poiarized 
light into a horizontally polarized light at a center of 
an optical path of connecting waveguides of a 
Mach-Zehnder interferometer optical circuit includ- 
ing a first directional coupler (6) and a second di- s 
rectional coupler (8), in which two optical 
waveguides formed on a substrate are placed close 
proximity with each other, and two connecting 

waveguides connectingsaidfirstdirectional coupler 
(5) and said second directional coupler (8) w 
characterized in that 

intermediate portion of said two connecting 
waveguide being fomied with S-shaped 
waveguides of the same shape consisted of re- is 
spectively two curved waveguides or two 
curved waveguides and straight waveguides 
connecting said curved waveguides, and 
one polarization mode converter being provid- 
ed in a groove fonned across said S-shaped 20 
waveguides, and a perpendicular line to an in- 
cident surface of light of said polarization mode 
converter and said S-shaped waveguide forma 
an angle greater than 0«. 

A no polarization dependent waveguide type optical 
circuit provided with a polarization mode converter 
(1 2) for converting a horizontally polarized light into 
a vertically polarized light and a vertically polarized 
light into a horizontally polarized light at a center of 
an optical path of connecting waveguides of a 
Mach-Zehnder interferometer optical circuit includ- 
ing a first multi-mode interference coupler (5) and 
a second multi-mode interference coupler (8) and 
two connecting waveguides (9). (io) connecting 
said first multi-mode coupler (5) and said second 
multi-mode coupler (8). 
characterized In that 
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intermediate portion of said two connecting 40 
waveguide being fonned with S-shaped 
waveguides of the same shape consisted of re- 
spectively two curved waveguides or two 7 
curved waveguides and straight waveguides 
connecting said curved waveguides, and 45 
one polarization mode converter being provid- 
ed in a groove fornied across said S-shaped 
waveguides, and a perpendicular line to an in- 
cident surface of light of said polarization mode 
converter and said S-shaped waveguide forms so 
an angle greater than 0». 

A no polarization dependent waveguide type ajtical *" 
circuit as claimed in claim 2 or 3. characterized in 
that a themio-optic phase shifter (9G), (9H) is pro- 55 
vided at least one of said connecting waveguides 
andsaid themio-optic phase shifter Is separated ori 
input side and output side of said polarization mode 



5. A no polarization dependent waveguide type optical 
circuit including one or more input waveguides (14) 
a first slab waveguide (15), in which a light propa- 
gated through said input waveguide (14) propa- 
gates freely, an arrayed waveguide (18) consisted 
of a plurality of waveguides connected to said first 
slab waveguide (15) and provided it given optical 
path length difference respective of adjacent 
waveguides, a second slab waveguide (17) con- 
nected to said array waveguide (18), and one or 
more output waveguides (1 6)for forming an arrayed 
waveguide grating circuit, and a polarization mode 
converter (12) converting a horizontally polarized 
light into a vertically polarized light and a vertically 
polarized light Into a horizontally polarized light be- 
ing provided in a center of an optical path of said 
arrayed waveguide of said arrayed waveguide grat- 
ing circuit, characterized in that 

intemiediate portion of said an^yed waveguide 
(18) being fonned with S-shaped waveguides 
of the same shape consisted of respectively 
two curved waveguides (18B), (18E) or two 
curved waveguides and straight waveguides 
(18C), (18F) connecting said curved 
waveguides, and 

one polarization mode converter (12) being 
provided in a groove (11) fomied across said 
S-shaped waveguide, and a perpendicular line 
to an incident surface of light of said polariza- 
tion mode converter and said S-shaped 
waveguide fomis an angle greater than 0«. 

A no polarization dependent waveguide type optical 
circuit as claimed in any one of claims 1 to 6 
characterized in that the angle defined between 
perpendicular line to an incident surface of light of 
said polarization mode converter and said S- 
shaped waveguide is in a range of 3 to 1 o». 

A no polarization dependent waveguide type optical 
circuit as claimed in any one of claims 1 to 6 
characterized in that said straight waveguide con- 
necting said curved waveguides Is tapered varying 
width in longitudinal direction, and the width of the 
tapered straight waveguide becomes maximum at 
a portion where said polarization mode converter is 
provided. 

A no polarization dependent waveguide type optical 
circuit as claimed In daim any one of claims 1 to 7 
characterized in that said polarization mode con- 
verter is a half-wave plate, an optical main axis of 
said half-wave plate forms 45» relative to a 
waveguide substrate. 
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9. A no polarization dependent waveguide type optical 
circuit as claimed in any one of claims 1 to 8, 
characterized In that said polarization mode con- 
verter is a thin film type half-wave plate. 

5 

10. A no polarization dependent waveguide type optical 
circuit as claimed in any one of claims 1 to 9, 
characterized in that said optical waveguide is a 
glass optical waveguide. 
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